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BLW 方法已被拓展到密度泛函理论水平，并嵌入到 GAMESS 程序之中。在块与
块之间没有交集的情况下，可以对分子几何构型进行优化并进行振动频率分析。
与此同时，基于 BLW 方法的块定域化波函数能量分解方法 BLW-ED 也得到了广
泛的应用。与其他能量分解方法不同，在 BLW-ED 方法中，其电子定域态的轨













不是异端基效应，而仅仅是 α-和 β-构型单糖分子的几何构型差异。我们同样对 α-
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As the simplest variant of the ab initio Valence bond theory, the block-localized 
wavefunction (BLW) method reduces a VB wave function to one determinant and 
thus incorporates the efficiency of molecular orbital (MO) theory. The wavefunction 
of an electron-localized reference Lewis structure can be derived by partitioning the 
system into several subgroups and restrictiong the expansion of each MO in only one 
subspace. All the Block-localized MOs are self-consistently optimized. The orbitals 
between different subspaces are generally nonorthogonal while the block-localized 
orbitals within the same block are restrainted to be orthogonal. The BLW method has 
been extended to the density functional theory (DFT) level and implemented to the 
quantum mechanical software GAMESS. An interaction energy decomposition 
analysis method based on the BLW wavefunction (BLW-ED) approach has also been 
developed and widely used. Unlike in many post-SCF mehtods, the Lewis structure in 
the BLW method is strictly localized and self-consistently optimized. the BLW 
method and BLW-ED thus are particularly useful in the quantificantion of the electron 
delocalization effect within a molecule and the charge-transfer effect between 
molecules. In this paper, we will apply the BLW method to the anomeric effect, 
blue-shifting hydrogen bonds, and 3D-arometic, in which the hyperconjugation is 
involved. 
1. Can the anomeric effect be probed by a sensing molecule? 
The anomeric effect plays a central role in carbohydrate chemistry, but its origin 
is controversial, and both the hyperconjugation model and the electrostatic model 
have been proposed to explain this phenomenon. Recently, Cocinero and colleagues 
designed a peptide sensor, which can bind to a sugar molecule methyl D-galactose, 
and claimed that the anomeric effect can be sensed by the spectral changes from the 
β-to the α-complex, which are ultimately attributed to the lone pair electron density 
















evidence showing that the observed spectral changes simply come from the 
conformational differences between the α-and β-anomers, as the replacement of 
the endocyclic oxygen atom with a methylene group, which disables both the endo- 
and the exo-anomeric effect in methyl D-galactose, leads to similar spectral shifts. In 
other words, the “senser” cannot probe the anomeric effect as claimed. We further 
conducted detailed energetic and structural analyses to support our arguments. 
2. How the generalized anomeric effect influences the conformation preference 
The generalized anomeric effect refers to the conformational preference of a 
gauche structure over an anti structure for molecules with a R-X-C-Y moiety. 
Whereas there are conflicting reports regarding the origin of this ubiquitous effect, a 
general consensus is that both the steric (more specifically electrostatic) and 
hyperconjugative interactions contribute. Here we employed the block-localized 
wave-function (BLW) method, which is the simplest variant of ab initio valence bond 
(VB) theory and can define reference electron-localized states self-consistently, to 
evaluate the magnitude of the hyperconjugation effect in a number of acyclic 
molecules exhibiting the generalized anomeric effect. The BLW-based energy 
decomposition analysis revealed that both the steric and hyperconjugation effects 
contribute to the conformational preferences of methoxymethyl fluoride and 
methoxymethyl chlorides. But for the other systems under investigation, including 
methanediol, methanediamine, aminomethanol and dimethoxymethane, the 
hyperconjugative interactions play a negative role in the conformational preferences 
and the steric effect is solely responsible for the generalized anomeric effect. 
3. Hyperconjugation interactions are not responsible to the blue-shifting of the 
hydron bonds. 
The hydrogen bond plays an important role in chemistry, physics, and biology. 
For a long time, the red shift of the X-H stretch frequency has been considered as the 
“finger print” of the hydrogen bond. Indications that situation might be different 
appeared as early as the later 1970s, when the first blue shift hydrogen bond was 
found experimentally. Up to now, various types of blue shift hydrogen bond have 
















many explanations were provided, it remains an open question whether the 
electrostatic or the hyperconjugation is the driving force of the blue shifting hydrogen 
bond. By optimizing the geometry structures of several blue shifting systems with the 
electrons strictly localized on the H donor as well as the H accepter side, we found 
that the contraction of the X-H bond and the blue shift of the X-H stretch vibration 
frequency still exist when all hyperconjugation interactions between H donor and 
accepter were turned off . We also compared the RX-H optimized with both localized 
and delocalized models, when the H donor and H accepter approach to each other . 
The X-H bond length optimized in both localized and delocalized models are nearly 
the same, and the delocalization energy keeps zero when RY…HX is at a long range. 
The delocalization energy starts to contribute when RY…HX is less than about 3.00 Å. 
Meanwhile, the RX-H becomes longer compared to the one optimized with the 
localized model. Thus, the hyperconjugation interaction is not the responsible to the 
blue-shifting, and it’s the origin of the further elongation of the RX-H. at short range. 
Our conclusion was also confirmed by the BLW-ED analysis at equilibrium geometry. 
4. Three-Dimensional aromaticity or antiaromaticity in saturated alkane cages: an 
energetic measure 
Although the concept of 3D aromaticity was initially proposed for polyhedral 
boranes and carboranes, recently its existences has been verified in metal clusters. 
Here we intend to examine the possible 3D aromaticity in highly strained caged 
alkanes, by comparing them with linear alkanes which are known as typical localized 
systems. We used the BLW method to analyze a series of saturated alkane cages 
including terahedrane, cubane, norbornane and admantine, in an attempt to identify 
the enhanced stability of instability compared with reference linear alkanes. The study 
focuses on the direct computation of electron delocalization energies within these 
saturated alkane molecules. Much like the case of cyclopropane, the present study is 
unable to provide strong and convincing energetic proofs for the existence of 3D 
(anti)aromaticity in these alkane cages. This finding is in contrast to the magnetic 
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1955 年， Edward1 在对糖类及其衍生物的研究中发现了异端基效应，而后
Lemieux 2 等人的研究进一步确认了 Edward 的发现。如 Scheme 1.1 所示，单糖








Scheme 1.1 The anomeric effect refers to the preference for polar substituents to 
occupy the axial, rather than equatorial position in a chair conformation. 
 
如 Scheme 1.2 所示，经典的静电相互作用模型和量子的超共轭模型都对异
端基效应的成因提出了解释 10，其中超共轭模型对异端基效应的解释更加流行。





































短， Y-C 键伸长，且∠Y-C-X 的张大。n→σ*超共轭模型不仅解释了异端基效应
成因，并且对于伴随于超共轭效应的分子几何构型变化也同样提出了解释：由于
n→σ*超共轭效应的存在，使得 X-C 键具有部分双键的性质，故而 X-C 键缩短；
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